Temperature programmed decomposition was used to identify mercury (Hg) species in gypsum samples produced from flue gas desulfurization in two Spanish power stations (A and B). As stricter emission control/reduction policies, particularly those focusing on Hg, are being implemented, wet flue gas desulfurization (FGD) technologies used for the removal of SO 2 can result in the co-removal of highly-soluble oxidized Hg. The amount of Hg retained in FGD products may increase in the future if these units are optimized for co-capture. For this reason, it is important to identify the mercury species in FGD products not only to determine the potential risk when the wastes are finally disposed of, but also to understand the behaviour of mercury during combustion and therefore to improve the technologies for mercury removal. Different mercury species were identified in the gypsum samples. In power station A, Hg-S were the most probable Hg species, whereas in power station B the main compound was Hg halogenated compounds.
Introduction
Coal-fired plants have been identified as the largest anthropogenic sources of mercury emissions to the atmosphere [1] [2] . The European Commission launched the EU's Mercury Strategy in 2005 [2] . It is a comprehensive plan addressed to mercury pollution which contains 20 measures to reduce mercury emissions, cut supply and demand and protect against exposure [3] .
During coal combustion, Hg can be present in different oxidation states, mainly elemental Hg(0) and oxidized [4] , and while Hg(0) is volatile, relatively inert and virtually insoluble, Hg(II) is water-soluble. Therefore, wet FGD technologies used for the removal of SO 2 can result in the co-removal of highly-soluble oxidized Hg. For this reason, it is important to understand the chemistry of the Hg-FGD gypsum interaction.
The speciation of Hg in gypsum might have an important role in the understanding of Hg behaviour during coal combustion and its mobilization in water and land [5] [6] [7] . Chemical speciation methods such as the Ontario Hydro method [8] can give us information on the oxidation state of Hg but not the chemical species. However, Hg species can be identified by temperature programmed decomposition [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . As a continuation of previous studies carried out by the authors [9, 17] , the objective of this study is to prove that the thermal decomposition test is an efficient method for identifying mercury species from coal combustion products.
This method has been applied to identify Hg compounds in different type of solid samples [10] [11] [12] [13] [14] . However, there is a lack of knowledge concerning the speciation of Hg in coal combustion by-products [15] , especially in gypsum samples [16] [17] . Milobowski et al. [18] conducted a study on samples from wet flue gas desulfurization processes. The samples showed two thermal decomposition curves. In the first curve it was difficult to distinguish between HgS and HgO whereas the second curve corresponded well with HgSO 4 . Although any of the thermal evolutionary curves obtained from the pure mercury standards did not exactly match with those of the FGD gypsum and wallboard samples, Lee et al. [16] identified that Hg 2 Cl 2 and HgCl 2 could be the present species. When the thermal desorption method was used to identified Hg species in gypsum from a cocombustion plant the main species identified was HgCl 2 [17] . Nowadays the use of biomass and systems to reduce NOx emissions could modify the behaviour of Hg during coal combustion and particularly in the FGD units. Gypsum samples from two Spanish pulverized coal (co) combustion power plants were tested using temperature programmed decomposition to identify different mercury species, leading to better understanding of Hg behaviour and its retention in FGD systems.
Experimental
The study was carried out in two 1200 MW Spanish power stations (A and B) equipped with a wet limestone-based with forced oxidation FGD facility. The power plant A burns a coal blend ranging from local sub-bituminous coals (60%) close to lignite to bituminous coals (40%). The power station B burns a blend of anthracites (80%) and petroleum-coke (20%). Gypsum samples were taken from the conveyor belt where the dry gypsum is transported from the FGD unit to collection point. Subsequently the samples were stored in closed containers of polyethylene. Gypsum samples were called FGD-A and FGD-B from power station A and B, respectively.
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The experimental device has been described by the authors in previous works [9, 17] Cold Vapour Atomic Fluorescence spectroscopy (CV-AFS) was used to determine the Hg contents in the samples. BET surface area was determined by volumetric adsorption of nitrogen at 77K. "Malvern Mastersizer-S" particle size analyzer was used for the particle size characterization.
Results and discussion
The FGD gypsum samples have a moisture content of approximately 20%.
Surface area, porosity, particle size and Hg concentration for gypsum samples are presented in Table 1 . The Hg concentration in FGD gypsum samples was 0.15 and 0.31 mg kg -1 for power plants A and B, respectively. No significance differences were found in the surface area, porosity and particle size between power station A burning a blend of coals and power station B burning a blend of pet-coke and coal.
According to a previous study carried out by the authors [9] , the thermal decomposition method allows the identification of individual Hg compounds as a function of Hg release with temperature. In this previous work the temperature appearance range of the main Hg species was arranged in increasing order as HgCl 2 <HgS<HgO<HgSO 4 . They are the most likely species to form during coal combustion and in a wet scrubber environment [18] . Because other halogens, such as HgI 2 can be found in the effluent during coal combustion [7] , the thermal decomposition for HgI 2 has been included in this study. According to the physical and chemical characterization of the gypsum samples carried out in this study (Table 1) , no significant differences were found between a power plant burning only coal and a power plant burning a blend of coal and pet-coke.
However, differences were found when the samples were analyzed by the thermal decomposition method. Therefore, this method is a useful technique to gain a better 
